A magnetically driven carbon-shunting arc discharge was generated in nitrogen gas circumstance and amorphous carbon nitride (a-CNx) films were prepared using the induced plasma. A silicon substrate was immersed into the plasma, and a series of pulse voltage was applied to the substrate synchronizing with a ignition of the shunting arc with a peak current of 1.7 kA. The ambient nitrogen gas pressure was varied from 2x10 -2 to 2 Pa. The shunting arc plasma was successfully produced and was accelerated along carbon rails. Heating energy to generate the shunting arc had minimum value for variation of the ambient gas pressure. A spectroscopic measurement from the plasma light emission showed that the produced plasma contained nitrogen particles in ambient nitrogen gas circumstance. X-ray photoelectron spectroscopy analysis showed that the prepared carbon films contained nitrogen and was obtained to be N/C ratio of 0.35 at 2 Pa nitrogen gas pressure.
I. INTRODUCTION
A shunting arc is a pulsed plasma source for solid-state materials such as titanium, tungsten, silicon and carbon. The shunting arc ignited by self-heating of the rod material to increase the vapor pressure and/or to emit thermoelectrons around the material, which is connected to a current source as a capacitor [1] . Since the shunting arc system consists of simple components, it promises to be a cost-effective technology. Moreover, the shunting arc can be easily generated at wide gas pressure range from vacuum to atmospheric pressure. The arc plasma is generated using evaporation from the rod heated by a pulsed current [2] - [4] . Accordingly, the shunting arc is promising method to prepare the droplet-free films.
A recent trend of PBII&D is a hybrid process containing deposition and ion implantation. Metallic plasma source play important role of the process, and reactive deposition is also desirable to prepare various films to suit each industrial usage. The shunting arc discharge in various ambient gas circumstances may be able to production of each compound film [5] . In this paper, carbon-shunting arc discharges are produced in nitrogen gas circumstance, and electrical characteristics of the shunting arc plasma are described. Amorphous carbon nitride (a-CNx) films are prepared using the shunting arc plasma contained nitrogen. The properties of the film measured with X-ray photoelectron spectroscopy (XPS) analysis also described to clarify nitrogen content in the film.
II. EXPERIMENTAL PROCEDURE
A schematic diagram of the experimental facilities is shown in Fig.1 . A cylindrical vacuum chamber with 1000 mm long and 800 mm inner diameter was evacuated up to 2×10 -2 Pa with diffusion pump and rotary pump. A magnetically driven shunting arc generation unit [6] was mounted in the vacuum chamber. A carbon rod with a diameter of 2 mm and a length of 40 mm held vertically between a pair of carbon electrode. The resistance of shunting arc generation unit was approximately 5 Ω. A 20 μF capacitor bank connected carbon electrodes was used to initiate a shunting arc. Rogowskii-type current transformer and high-voltage probe were used to measure the arc current and voltage between the carbon electrodes. The signals were digitized and memorized in a digital oscilloscope.
For film preparation using carbon shunting arc plasma, a disk target with 64 mm diameter and 11 mm thickness was set at about 100 mm above the rod. were mounted on the target. In order to extract ion from the plasma to a target, a negative high voltage pulse applied to the target synchronizing with the generation of the shunting arc. The delay time between the shunting arc generation and the high voltage pulse application is control by delay pulse generator and fixed to 100 μs. The target voltage and current through the target were measured using a high-voltage probe and current transformer, respectively. Chemical bond of films prepared by shunting arc was measured by XPS analysis. Figure 2 shows photograph of a light emission from shunting arc plasma in ambient nitrogen pressure of 2 Pa. The detail of self-magnetically driven of shunting arc in vacuum is described elsewhere [6] . The plasma emitted from the rod is driven along the carbon electrode and reached to the target under condition of nitrogen gas circumstance. Figure 3 shows the comparison of the waveform of the current through the carbon rod and voltage between the carbon electrodes without ( Fig. 3(a) ) and with ( Fig. 3(b) ) ambient nitrogen gas at the charging voltage of 1.2 kV. The waveforms in Fig. 3 show a typical feature of shunting arc i.e. these waveforms can be divided in to two regions [2] . In the first region, the voltage between the carbon electrodes rises to 1100 V in 2.2 μs as the rod is heated by the release of capacitor energy. During this region, a current of about 170 A flows through the rod. In the second region, the voltage abruptly decreases from 1100 to 200 V within 2.2 μs at about 6.5 μs after switchon the abrupt decrease of the voltage is accompanied by a rapid abrupt increase in the current. These rapid changes of the voltage and the current indicate the initiation of the shunting arc. The current of through the carbon rod is sinusoidal with duration until about 80 μs and its peak current is about 2.1 kA in 17 μs. This is due to LC oscillation from the capacitor and the inductance of the wiring of present system. Resistance and inductance of circuit estimated from current waveform in this region is 0.12 Ω and 2.7μH, respectively. The rod heating duration with 2 Pa nitrogen gas much shorter than that without nitrogen gas is shown in Fig. 3(b) . The difference is caused by breakdown voltage between the electrodes as Paschen's law. The peak arc current with nitrogen gas is almost same with the value without nitrogen gas, and is around 2 kA. Figure 4 shows the changing voltage dependencies of the heating energy of the rod and the total energy consumed in the shunting arc. These energies are calculated from waveform of the voltage and the current such as shown in Fig. 3 . The heating energy is almost independent of the capacitor charging voltage and decreases from 0.62 to 0.08 J with increasing ambient nitrogen gas pressure from 0.02 to 20 Pa, whereas the total consumed energy is almost independent of the gas pressure and increases with the charging voltage. The total consumed energy, which is supplied from the storage capacitor, is constant for various ambient pressures and the ratio of total consumed energy to storage energy in the capacitor is almost 63% in the present experimental condition. Figure 5 shows the heating energy to generate shunting arc and the onset voltage of the shunting arc as a function of ambient nitrogen gas pressure at charging voltage of 1.2 kV. The heating energy and the arc onset voltage have V-shape characteristics in pressure range from 0.02 to 100 Pa. The heating energy in each ambient pressure is six times average value in a charging voltage raging from 1.0 to 2.0 kV. The heating energy decreases from 0.52 to 0.024 J with increasing the gas pressure from 0.02 to 40 Pa at low gas pressure i.e. Paschen left region, and then increases to about 0.058 J with increasing gas pressure to 100 Pa. The arc onset voltage of the shunting arc changes from 1.1 to 0.6 kV with increasing gas pressure from 0.02 to 60 Pa, and then increase from 0.6 kV minimum value to 0.8 kV with increasing gas pressure to 300 Pa. Figure 6 shows the change of spectral lines during the shunting arc discharge for various ambient nitrogen gas pressures in wavelength region from 680 to 800 nm. Singly carbon ion and neutral lines are observable at the ambient pressure 0.02 Pa, i.e., without nitrogen gas. With injecting nitrogen gas to the camber, first positive system of nitrogen and singly nitrogen neutral lines are observed at 0.5 Pa. However, the singly nitrogen neutral lines decrease with increasing nitrogen gas pressure and the nitrogen molecular lines are dominant at the ambient nitrogen gas pressure of 1 Pa as shown in Fig. 6(c) . These results indicate that the molecular nitrogen are excited and dissociated by collision with the carbon ions. From these results, the shunting arc produced plasma contains excited molecules and atoms of the ambient nitrogen. Figure 7 shows the waveforms of the target voltage and current for two different ambient nitrogen gas pressures at 100 μs delay time from the arc ignition. A pulse voltage of 2 kV with negative polarity is applied to a disk target immersed in the shunting arc plasma. The charging voltage is set to be 1.2 kV. The both target current have shape peaks at the initial stage, followed by a stationary state. The target current I t consists of three components as following equation [7] ,
III. EXPERIMENTAL RESULTS

A. Electrical properties of shunting arc
B. Spectrum of light emission from plasma
C. Ion extraction
where c is the capacitance of the sheath around the target, V b is the applied bias voltage, I i is ion current, and γ i is the secondary electron emission coefficient by ion impact. The target current by applying pulse bias voltage has a sharp peak, which appears almost simultaneously at the voltage application, followed by a stationary state. The initial peak is owing to the capacitive component of the current owing to due to the matrix sheath formation. The current of the target reaches to the steady state around 10 μs after applying the bias voltage. The stationary current at 10 μs changes from 40 to 144 mA by injecting the nitrogen gas of 2 Pa. This result reveals that the injected nitrogen molecules are ionized by colliding with carbon ion accelerated in sheath around the target. Figure 8 shows typical Raman spectra after subtracting the luminescence background. The ambient nitrogen gas pressures of 2x10 -2 and 2 Pa with a pulse width of 10 μs have been applied to the target at a delay time of 100 μs. A sinusoidal arc current has a peak of 1.7 kA at a charging voltage of 1.2 kV. The arc was generated with 500 times. The prepared film thickness is in range from 50 to 100 nm. The Raman spectrum shows a relatively sharp peak at approximately 1550 cm -1 and a shoulder at approximately 1350 cm -1 , commonly referred as the G band and D band, respectively [8] . Both peaks of D band and G band are associated with sp 3 disordered carbon and sp2 graphite carbon, respectively. The films were dark blue in color. X-ray diffraction (XRD) measurements showed exclusively peaks from silicon. These results are consistent with an amorphous structure of DLC films. The change of intensity ratio I d /I g of the D to G band by injecting the nitrogen gas is clearly seen in Fig. 8 .
D. Characteristics of carbon nitride films
The C (1s) and N (1s) XPS spectra of the a-CNx films deposited in the nitrogen ambient gas are shown in Fig. 9 . The binding energies (BE) of C−C and C−N in XPS spectra were reported by Marton, et al. [9] . With injecting nitrogen gas, the energy at which the C (1s) peak shows shifts from the BE of C−C to that of sp C by employing nitrogen as ambient gas. From these results, the increase of nitrogen content in the film with ambient nitrogen gas circumstance would be ensured.
IV. CONCLUSIONS
The shunting arc plasma generated in nitrogen gas circumstance. Rod heating energy to generate the shunting arc had minimum value for the variation of ambient gas pressure. Peak of arc current vary no distinguished under a pressure ranging from 0.02 to 2 Pa, total energy did not also depend on gas pressure. With injection Ion current extracted from induced plasma increases. The carbon film prepared using shunting arc in nitrogen gas circumstance contain nitrogen. N/C ratio of the film was 0.35 at N 2 pressure of 2 Pa.
